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Abstract
Rote counting skills have found to be a strong predictor of later arithmetic and reading fluency. However, knowledge of the underlying
cognitive factors influencing counting skill is very limited. Present study examined to what extent language skills (phonology, vocabulary,
and morphology), nonverbal reasoning skills, and memory at the age of five could explain counting skill at the beginning of first grade.
Gender, parents’ education level and child’s persistence were included as control variables. The question was examined in a longitudinal
sample (N = 101) with a structural equation model. Results showed that language skills together with memory, nonverbal reasoning skills
and parent’s education explained only 22% of the variance in counting at the beginning of the first grade. Vocabulary, morphology, and
verbal short-term memory were found to be interchangeable predictors, each explaining approximately 7%–9%, of counting skill. These
findings challenge the interpretation of counting as a strongly language-based number skill. However, additional analysis among children
with dyslexia revealed that memory and language skills, together with a child’s persistence and gender, had a rather strong predictive
value, explaining 34%–46% of counting skill. Together these results suggest that verbal short-term memory and language skills at the age
of five have not the same predictive value on counting skill at the beginning of school among a population-based sample as found in
subjects with language impairment or learning difficulties, and thus, other cognitive factors should be taken into account in further research
related to typical development of counting skill.
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Rote counting—the ability to recite number words forward and backward—is an early number skill that starts to
develop around the age of two years, and remarkable developmental steps are acquired before children enter
formal education. The ability to recite number words can be considered as one of the core number skills, being
an essential skill for the exact enumeration of quantities larger than five and a tool for mental calculation. From
a theoretical and practical point of view, counting is an important skill because it has been found to be a strong
predictor of later arithmetic fluency (Koponen, Salmi, Eklund, & Aro, 2013; Koponen et al., 2016; Zhang et al.,
2014) and accuracy (Koponen, Aunola, Ahonen, & Nurmi, 2007). In these studies, correlations between count-
ing and arithmetical calculation have varied from .32 to .53, which is high even when compared to other core
number skill, magnitude comparison, which has been extensively examined in recent years. Magnitude com-
parison has shown to have predictive relations with mental and written arithmetic, correlations varying from .28
to .38 (Schneider et al., 2016). Surprisingly, and unlike magnitude comparison, counting has also been found
predict strongly later reading fluency (Durand, Hulme, Larkin, & Snowling, 2005; Koponen et al., 2016), even
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when considering the classical predictors of reading skill: phonological awareness, rapid naming, verbal short-
term memory, and working memory (Koponen et al., 2013, 2016; Leppänen, 2006).
Despite the importance of counting as a predictor of later fluency in reading and arithmetic, the cognitive factors
underlying the development of an individual’s counting skill are poorly understood. Yet only by understanding
the cognitive processes and skills needed to perform well in counting tasks are we able to comprehend why
counting serves as a good predictor. This, in turn, is the first critical step when trying to develop effective early
support to provide good basic skills in calculation and reading. In the present study, we aimed to explore the
proximal cognitive predictors of counting at school start, a time point before which no formal teaching for math-
ematics has been available for children. When examining cognitive correlates of counting, it’s important to know
how it develops during early childhood. In the following chapters we will first describe the development of count-
ing skills and then cognitive factors that have been found to associate with counting skills.
Development of Counting Skill
Learning to count in many languages, including Finnish, means acquiring rather arbitrary sequences of number
words below 20 and knowledge of the syntax and grammar for the structure of higher numbers (Fuson, 1988).
Rote counting skill develops gradually, and several steps of development can be defined (Fuson, 1988). In the
early phase of string-level development, which occurs around the age of 2, children count verbally by starting
from the beginning and saying a string of words, but they do not necessarily even recognize counting words as
separate words. Next, they separate each counting word and they learn to count up to 10, then 20, and then
higher. This step is called the unbreakable list level, meaning that the child has not yet acquired the capacity to
start counting from an arbitrary entry point, only from 1, allowing the counting-all strategy in arithmetic calcula-
tion. This phase of development could be compared to learning other verbal sequences, such as rhymes. Ac-
cording to most critical views, at this point, the number word sequence does not carry mathematical information
and is not yet used as a tool for enumerating sets of objects (Negen & Sarnecka, 2012). By practicing, counting
skill becomes more or less automatized, allowing counting to start from a given number. At the so-called break-
able chain and the following numerable chain levels, children can produce parts of the number sequence from
arbitrary entry points, which allows the use of counting as a strategy in calculation (7+5 → eight, nine…twelve).
At the numerable chain level, children start using number sequences in an enumeration context with concrete
objects (see Wynn, 1992; Children’s acquisition of how the counting system represents numerosity). At the
most advanced level, called the bidirectional chain, fluent counting forward and backward, as well as skip
counting by following different rules (e.g., by two: 2, 4, 6) becomes possible.
Counting and Language
Despite the importance of counting as a predictor of later reading and arithmetic skill, only a few previous stud-
ies focused on the underlying cognitive skills required for counting (Cowan, Donlan, Newton, & Llyod, 2005;
Liu, Lin, & Zhang, 2016). However, in many studies, counting has been proposed as being tightly related to lan-
guage and so-called verbal number skill (Donlan, Cowan, Newton, & Lloyd, 2007; Koponen, Mononen,
Räsänen, & Ahonen, 2006). The evidence comes mainly from research concerning children with language im-
pairment (SLI) showing systematically that children with language impairment, varying in age from 3.5 years old
to 11 years old, lack behind their peers in counting skills (e.g., Arvedson, 2002; Cowan et al., 2005; Fazio,
1994, 1996). However, these studies in children with language impairment have not been able to specify which
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subskills of language are related to the development of counting. This is an important question because lan-
guage consists of several subskills, such as phonology, morphology, lexicon, speech perception, syntax, and
articulation (e.g., Pennington, 2006), which are related but independent in the sense that they can be impaired
independently of each other.
There are several reasonable hypotheses for the possible links between counting and language that explain
why deficiencies in language skills would result in a compromised counting skill. One possibility is phonology:
the number words are phonologically coded in memory (e.g., Simmons & Singleton, 2008; Stanescu-Cosson et
al., 2000), and the weakness of phonological representations for number words in long-term memory is likely to
make it more difficult to retrieve number words quickly and accurately (Simmons & Singleton, 2008). Krajewski
and Schneider (2009) suggested that shifting from the string level to the unbreakable list level in counting re-
quires phonological awareness to be able to separate number words from each other. Supporting these views,
previous studies have shown moderate to strong associations between phonological awareness and counting
skill correlations, varying between 0.23 and 0.58 (Koponen et al., 2007; Krajewski & Schneider, 2009; Zhang et
al., 2014).
Another reasonable hypothesis of underlying language-based factors are lexical skills, that is, receptive and
productive vocabulary. LeFevre et al. (2010) argued that the breadth of receptive vocabulary might reflect child-
ren’s abilities to acquire vocabulary in the number system. Negen and Sarnecka (2012) showed that a strong
correlation was found between number–word knowledge and vocabulary: both receptive and expressive vo-
cabulary were related to number–word knowledge in children between 30 and 60 months old. However, num-
ber–word knowledge was assessed by using a ‘give a number’ task and thus did not assess rote counting di-
rectly.
The third and fourth possible relevant language skills in counting are language comprehension and morpholo-
gy. In a study by Cowan et al. (2005), the correlation between counting and language comprehension was high-
er than those between counting and working memory or nonverbal reasoning in a sample consisting of children
with language impairment and their age peers and language-matched controls. In the multiple regressions, oral
language comprehension made a unique contribution (standardised β = 0.23) in explaining this variation in
counting skill. The association between counting and language comprehension was interpreted in a way that, in
addition to knowing the words needed in counting, counting also was shown to require mastery of compounding
rules (Skwarchuk & Anglin, 2002). This is analogous to the case in sentence comprehension, where processing
of morphology and syntax information in addition to lexical information is needed. In a recent study in Chinese
kindergarteners, morphology was found to be related to counting, especially to counting forward (Liu et al.,
2016). Children with better knowledge of compounding morphology in Chinese developed higher counting abili-
ty 1 year later. It was suggested that the strength of this association could be related to the children’s experien-
ces using compounding morphology in their language because in Chinese, compound words are dominant. Fin-
nish language also consists of compound words, but it is above all a highly inflected language that may contain
thousands of different word forms of the same root (Hirsimäki et al., 2006). Therefore, inflectional morphology
(which involves grammatical transformations in words) is highly common in the Finnish language (Hirsimäki et
al., 2006), and rather long words, that is, nouns, adjectives, and verbs with complex meaning, can be formed
when adding several suffixes, such as case endings, plural markers, and person markers after the root of a
word (e.g., kahdeksastakymmenestä means “from eighty…”; Lyytinen & Lyytinen, 2004; Nieminen, 2007).
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Therefore, it is reasonable to expect that morphology predicts later counting skills in Finnish, with rather long
number words and irregular number names in 11–19.
Counting and Memory
Rote counting is a serial process requiring holding information in one’s memory while articulating items and re-
trieving the next; thus, verbal memory should be examined as a potential underlying factor influencing counting
skill. According to Fazio (1994), counting requires auditory memory of the number terms, as well as auditory
sequential memory of the correct order of number words. Fazio (1994) proposed that SLI children’s counting is
impaired, at least in part, because of poor language-processing abilities associated with the auditory, sequential
nature of counting and could be explained by short-term memory deficits of phonological storage. This sugges-
tion is in line with findings in population-based samples where verbal short-term memory, requiring the recalling
of the name of the digits in correct order, was found to be related to counting (e.g., Cowan et al., 2005;
Koponen et al., 2016).
Counting and Nonverbal Reasoning
Besides language skills and memory, the relationship between nonverbal reasoning skills and counting has
been examined in children with language impairment (see Cowan et al., 2005), as well as in a population-based
samples, where the role of counting as a mediator of nonverbal reasoning skills on arithmetic have been stud-
ied (Koponen et al., 2007; Krajewski & Schneider, 2009; Zhang et al., 2014). Cowan and colleagues found that
nonverbal abstract reasoning, measured using raven-coloured matrices, was related to counting in a sample
consisting of children with language impairment against their age and language matched controls. Zhang and
colleagues (2014) found that nonverbal reasoning, measured in kindergarten using a subtest of spatial relations
from the Woodcock and Johnson (1977) test battery, predicted the level of arithmetic in first grade and later
growth through third grade. These associations were mediated by counting skill measured in first grade. Simi-
larly, in the study by Krajewski and Schneider (2009), nonverbal reasoning was related to counting, which, in
turn, was related to the later-emerging number skills and through these number skills to arithmetic. However, in
most of these studies, nonverbal reasoning was measured concurrently with counting (Cowan et al., 2005;
Krajewski & Schneider, 2009), and the predictive power of early nonverbal reasoning skills on counting skill at
the beginning of formal schooling remains unclear. Moreover, the theoretical framework on how nonverbal rea-
soning skills are related to counting skill is still lacking (Cowan et al., 2005).
Environmental Factors, Gender, and the Child’s Task-Orientation
Counting skill is not innate, but rather, it emerges and develops through individual learning and cultural trans-
mission. Thus, factors such as parents’ socioeconomic status should be taken into account when trying to un-
derstand factors that influence the development of counting skill, especially before the phase of formal learning.
There are several possible reasons why parents’ educational levels predict children’s later academic skills. One
view is based on the assumption that parents learn something during schooling that influences the way in which
they interact with their children regarding learning activities at home. Another view indicates that education in-
fluences parents’ skills, values, and knowledge of the educational system, as well as methods for educational
practices at home, and children’s skills (for review, see Eccles, 2005). In line with this suggestion, parents’ edu-
cational levels have been shown to be related to counting and later arithmetic skills (Koponen et al., 2007).
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There are several meta-analyses showing that there are no gender differences in math and that the gender dif-
ferences in math performance may have narrowed from the 1970s to now (see Hyde, 2016). However, findings
are still robust and gender is worth of controlling although large differences between boys and girls are not ex-
pected.
Besides the child’s cognitive capacity and environmental factors, children’s orientations and persistence in task
situations have been shown to be related to later academic learning. Previous research has shown that positive
achievement-related behaviours, such as task-focused behaviours, are related to good academic outcomes,
whereas negative behaviours, such as task-avoidant behaviours, are related to poor academic outcomes (e.g.,
Aunola, Nurmi, Lerkkanen, & Rasku-Puttonen, 2003). Weak orientation in task situations, that is, task avoid-
ance, means low levels of effort in learning tasks or task-irrelevant activities (Onatsu-Arvilommi & Nurmi, 2000),
and it has been shown to have effects on the development of math skills (e.g., Hirvonen, Tolvanen, Aunola, &
Nurmi, 2012). In the present study, the focus is on cognitive predictors of rote counting skill, but parents’ educa-
tional levels, as well as children’s task-orientation and persistence, are also taken into account.
Present Study
Because of the lack of a comprehensive view of the cognitive background of counting skill, the present study
aimed to model the relationships between various cognitive predictors measured concurrently at the age of 5
and counting skill measured 2 years later at the beginning of first grade. The associations were examined in a
population-based sample, and thus, extending the previous literature which is mainly based on the findings in
children with language difficulties. The specific research questions were as follows:
• To what extent can language, memory, and nonverbal reasoning skills at age 5 predict rote counting skill at
the beginning of the first grade?
Based on previous studies we expect that language and memory skills are significant predictors of later
counting skill (Cowan et al., 2005; Fazio, 1994, 1996). However, previous studies have mainly examined
these relations among children with a specific deficit, such as language impairment, and thus, strong
hypothesis cannot be made considering our population based sample. Nonverbal reasoning has been found
to be related to counting skill also among a population based sample (Krajewski & Schneider, 2009; Zhang et
al., 2014), and we expect to find a similar relation also in the present study. It should be noticed, however, that
predictive relation between nonverbal reasoning and counting has not been examined in previous studies.
• To what extent do the child’s task-orientation or persistence in preschool, gender, and parents’ educational
levels explain the counting skill at the beginning of first grade in addition to cognitive skills?
Because differences between families in SES are relatively small in Finland (unlike to many countries like
USA), SES has usually been found as a significant but typically not very strong predictor of academic
achievement (for example see Koponen et al., 2016). In line with this, parents’ education is expected to have
significant and moderate association to counting. Similarly, it is not expected that we could find large gender
differences in counting based on the recent literature involving math and gender (Hyde, 2016). However, both
parent’s educational level as well as child’s gender are important background variables to control. Finally, it is
expected that child’s task-orientation and persistence is a significant predictor of counting skill because it has
been found to be related to both performance level and development of math in previous studies in
population-based sample (e.g., Hirvonen et al., 2012).
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Method
Participants
All participants (n = 101) spoke Finnish and were recruited as a part of the longitudinal study in Finland
(Lyytinen et al., 2008). The children were originally selected as participants from among 9,368 newborns in the
province of central Finland between April 1993 and July 1996 for one of two groups: with family risk for dyslexia
(n = 108) or without it (n = 92). For the current study, we strove for a representative sample of the Finnish popu-
lation. To achieve this, we first included all children without family risk for dyslexia in our sample. Second, we
added a random selection of nine children from the family risk group to attain a full distribution of parental read-
ing skills, and as a consequence, full distributions of children’s reading-related cognitive skills, which were used
as the cognitive predictors of counting in this study. The size of the addition (nine children) was based on the
estimate of the prevalence rate of dyslexia in the population, which has been shown to vary between 5% and
12% (Katusic, Colligan, Barbaresi, Schaid, & Jacobsen, 2001; Landerl & Moll, 2010; Shaywitz, Shaywitz,
Fletcher, & Escobar, 1990). For full details of the recruitment process, see (Leinonen et al., 2001). In Finland,
children begin their 9-year comprehensive school in August of the year they turn 7 years old and kindergarten 1
year earlier when they turn 6 years old. Thus, first graders and preschoolers in Finland are older than their
counterparts in many other countries.
Measures
Trained testers assessed children’s skills individually in a laboratory setting; the children were 5 and 5.5 years
old, and just beginning the first grade (age 7.2). In addition, children’s persistence in tasks was evaluated at
age 6 by their kindergarten teachers. Composite scores (arithmetical means) for each skill using z-scored val-
ues were calculated and used when reporting correlative associations between skills (for full details of meas-
ures, see Pennala et al., 2013).
Parents’ Education
The education of mothers and fathers was classified using a 7-point scale, taking into account both a basic lev-
el of education and advanced educational training (e.g., 1 = comprehensive school education without any voca-
tional education; 7 = comprehensive school or upper secondary general school diploma combined with a mas-
ter’s or doctoral degree). The parents’ educational distributions resembled that of the Finnish population (moth-
ers: M = 4.51, SD = 1.38; fathers: M = 3.84, SD = 1.48).
Vocabulary
At 5–5.5 years, a composite mean (Cronbach α = 0.75) was calculated from three different measures, including
both receptive and expressive vocabulary: Peabody Picture Vocabulary Test–Revised (PPVT; Dunn & Dunn,
1981), the Boston Naming Test (BNT; Kaplan, Goodglass, & Weintraub, 1983), and the vocabulary scale of the
WPPSI-R (Wechsler Preschool and Primary Scale of Intelligence-R; Wechsler, 1989).
Phonological Awareness
At 5.5 years, the composite mean was derived from performance in three tasks (Cronbach α = 0.66): from the
word or pseudoword segmentation task, including both phoneme- and syllable-level segments (Pennala et al.,
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2013), the initial phoneme naming task (Poskiparta, Niemi, & Lepola, 1994), and one computer-based task, that
is, phoneme-level segment identification (Puolakanaho, Poikkeus, Ahonen, Tolvanen, & Lyytinen, 2003).
Morphological Skill
At 5 years, mastery of the highly inflected Finnish morphology was measured with the Berko-type elicitation test
(Lyytinen & Lyytinen, 2004), which covers items of adjective inflection (comparative and superlative), verb in-
flection (present and past), and noun inflection (adverb and elative; i.e., how and from something or some-
where). The test words were unfamiliar to the children but adhered to the phonotactic rules of Finnish. Cron-
bach α reliability for the three scales was 0.73.
Verbal Short-Term Memory
At 5–5.5 years, a composite mean was calculated from three tasks (Cronbach α = 0.66): digit span (Gathercole
& Adams, 1994) and syllable span (both computerised) at 5 years and sentence repetition (NEPSY; Korkman,
Kirk, & Kemp, 1998) at 5.5 years.
Performance IQ
At 5 years, a short form of the WPPSI-R (Wechsler, 1989) was administered that consisted of three verbal quo-
tient subtests (vocabulary, arithmetic, and comprehension) and three performance quotient subtests (block de-
sign, object assembly, and picture completion). Only the score of performance IQ was used in this study, and it
was estimated based on three subtests according to the standard guidelines given in the manual. Cronbach α
reliability for the three scales was 0.68.
Task-Orientation and Persistence
At 6 years, children’s persistence was calculated from three items, with which their preschool teachers rated
children’s behaviour using a 5-point Likert scale (1 = not at all this kind of behaviour, 5 = extremely often this
kind of behaviour). The three questions used in this study were as follows: Does the child actively seek a solu-
tion even when confronting a difficult task? Does the child easily give up? Does the child show persistence
when doing preschool tasks? The second item was reversed before calculating the mean score representing
child’s persistence. Cronbach α reliability for this scale was 0.81.
Counting Skill
In the first grade, at 7.2 years, a series of six items of counting was administered just after school started in
August–September. Three measures of counting were calculated, each including three items: (a) counting for-
ward included counting from 1 to 31 and counting by 10s from 10 up to 150, (b) counting backward entailed
counting backward from 10 to 1 and from 23 to 1, and (c) counting challenging items included counting forward
by twos (skip-counting) in multiples of 2 up to 30 and counting backward from 83 to 60. For each set of six
items, error-free outcomes were allocated 2 points while 1 point was awarded for completing the item with up to
two errors, and a score was given for more than two errors or a failure to complete the list within any item. The
maximum was 4 points in all the three measures of counting, that is, counting forward, counting backward, and
counting challenging items (see Table 1). Cronbach’s alpha reliability for the counting measure was 0.71.
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Data Analysis
Pearson correlations were used to examine the associations between the predictors and outcome measures,
as well as between the predictors themselves. The relations between measures were further modelled in a
structural equation model (SEM) framework using the Mplus 6.12 program (Muthén & Muthén, 1998–2011). La-
tent factors were created first, one for each of the skills and abilities: vocabulary, phonological awareness, mor-
phological skill, verbal short-term memory, performance IQ, persistence, and counting skill. All latent factors of
the predictors, as well as the outcomes, were constructed from three variables. After creation of each latent
factor, the significance of its predictive path to counting skill was tested as a starting point. After this, starting
with the best cognitive predictor and outcome in the model, the model was further elaborated on by adding oth-
er significant cognitive predictors one by one and testing the significance of the predictive paths. After obtaining
a final cognitive prediction model, the effects of task-orientation and persistence to further explain variance in
counting skill were tested by adding its latent factor and relative path to the model. Likewise, the effects of pa-
rental education were tested. All error variances were estimated freely. The parameters of the models were es-
timated using the MLR procedure. The goodness of fit of the estimated model was evaluated using five indica-
tors: the χ2 test, Comparative Fit Index (CFI), Tucker-Lewis Fit Index (TLI), Root Mean Square Error of Approxi-
mation (RMSEA), and Standardized Root Mean Square Residual (SRMR).
Results
Descriptive statistics for all measures used in the latent factors are presented in Table 1. The distributions of all
measures were normal or close to normal. Correlations between the predictors and outcome, as well as be-
tween the predictors, are presented in Table 2. Children’s vocabulary and morphological skills at 5 years of age
were significantly associated with counting skill 2 years later at the start of first grade. Moreover, father’s educa-
tion was significantly associated with counting skill and association between gender and counting was close to
significant (p = .051). Additional analyses revealed, that correlation between parent’s education and counting
did not differ between boys and girls. Moderate to high correlations were found among the language-related
predictors: vocabulary, phonological awareness, morphological skill, and verbal short-term memory. What
stands out is that child’s gender was not associated with any of the language-related predictors. Finally, child-
ren’s performance IQ was also significantly related to previously mentioned language measures (except mor-
phological skills) and to children’s task-orientation and persistence.
Associations between the cognitive predictors and counting skill were further inspected in an SEM framework to
be able, first, to use latent factors of the skills instead of means of raw scores, second, estimate error variances
in measures, and, third, see the simultaneous effects of each predictor on counting skill. Factor constructs, in-
cluding loadings for each of the measures, are presented in Figure 1, the model with all language-related pre-
dictors and persistence in Figure 2, and the final predictive model with child’s gender in Figure 3.
Koponen, Eklund, & Salmi 417
Journal of Numerical Cognition
2018, Vol. 4(2), 410–428
doi:10.5964/jnc.v4i2.116
Table 1
Descriptive Statistics for All Measures (Raw Scores) Used in Creating the Latent Factors Used in the SEM Model.
Measure Range M SD Skewness (SE)
Vocabulary
PPVT 22 – 120 73.10 22.26 -0.06 (.24)
Boston Naming 23 – 46 35.52 5.59 -0.39 (.24)
WPPSI-R Vocabulary 5 – 18 11.55 2.96 -0.13 (.24)
Morphological skills
Adjective inflections 0 – 29 13.46 8.70 -1.30 (.24)
Verb inflections 0 – 29 20.56 6.21 0.14 (.24)
Noun inflections 0 – 30 22.39 7.30 -0.99 (.24)
Phonology
Word / pseudoword segmentation 5 – 20 13.79 2.87 -0.26 (.24)
First phoneme production 2 – 9 7.52 1.50 -1.24 (.24)
Word segmentation, phoneme level 0 – 24 11.98 5.07 -0.50 (.26)
Verbal short term memory
Digit span 0 – 8 3.67 1.57 -0.23 (.24)
Syllable span 0 – 6 2.74 1.25 -0.12 (.24)
Sentence repetition 12 – 28 21.39 3.54 -0.37 (.26)
Performance IQ
WPPSI-R, Object assembly 3 – 15 9.78 2.69 -0.14 (.24)
WPPSI-R, Picture completion 4 – 15 11.11 2.46 -0.52 (.24)
WPPSI-R, Block design 4 – 17 10.20 2.59 0.03 (.24)
Task-orientation / persistence
Solving difficult tasks 1 – 5 3.72 1.11 -0.55 (.25)
Persistence in pre-school tasks 1 – 5 3.81 1.01 0.75 (.25)
Giving up easily 1 – 4 2.03 1.01 -0.74 (.24)
Parental education
Mothers’ education 1 – 7 4.51 1.38 0.19 (.26)
Fathers’ education 1 – 7 3.84 1.48 0.37 (.26)
Counting skill
Counting forward 0 – 4 2.60 1.19 -0.33 (.24)
Counting backward 1 – 4 3.34 0.82 0.00 (.24)
Counting difficult items 0 – 4 1.59 1.33 0.19 (.24)
All factor constructs were satisfactory. The significance of each of the latent cognitive factors as a predictor of
counting skill was tested first. Vocabulary, morphology, and verbal short-term memory turned out to be signifi-
cant predictors, explaining 9.3%, 9.9%, and 10.2% of counting skill 2 years later, whereas the predictive paths
from phonological awareness and performance IQ turned out to be nonsignificant. Next, to assess the simulta-
neous effects of the cognitive predictors on counting skill, each was added one by one into a model where the
best predictor (verbal short-term memory) predicted counting skill. In all cases, adding another cognitive predic-
tor besides verbal short-term memory resulted in a reduction in the goodness-of-fit indices and produced situa-
tions where none of the predictive paths were significant. Thus, vocabulary, morphology, and verbal short-term
memory turned out to be interchangeable predictors of counting skill, each explaining roughly 10% of its var-
iance, but not fitting into the model at the same time.
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Table 2
Correlations Between Parents’ Education, Children’s Cognitive Skills, Persistence, Gender, and Counting Skill
Measure 1 2 3 4 5 6 7 8 9
1. Mother’s education
2. Father’s education .36***
3. Vocabulary .08 .16
4. Phonological awareness .04 .01 .37***
5. Morphological skill .07 .08 .40*** .26**
6. Verbal short-term memory .22* -.01 .49*** .36*** .37***
7. Performance IQ .06 .00 .36*** .29** .14 .32**
8. Persistence .14 .09 .16 .05 .07 .11 .23*
9. Counting skill .19 .28** .21* .18 .25* .19 .13 .17
10. Gender .16 .19 -.02 -.13 -.06 -.03 -.11 -.15 .20
*p < .05. **p < .01. ***p < .001.
Figure 1. Factor constructs of the cognitive predictors at age of five, task-orientation and persistence, and counting skill.
Koponen, Eklund, & Salmi 419
Journal of Numerical Cognition
2018, Vol. 4(2), 410–428
doi:10.5964/jnc.v4i2.116
Figure 2. The model with all significant paths of the language-related predictors and persistence included.
Finally, to test the predictive power of children’s task-orientation and persistence, it was added into the model
together with one of the significant cognitive predictors (vocabulary, morphology, or verbal short-term memory).
The best goodness-of-fit indices and highest portion of explained variance in counting skill were reached with
morphology and task-orientation and persistence as predictors. No more than 13.25% of the variance in count-
ing skill could be explained with this final model. Morphological skill explained 8.41% of the outcome variance
of counting in the final model. The predictive path of children’s task-orientation and persistence was barely sig-
nificant (p = .056) and raised the explanatory power of the model by 4.84%. Adding the father’s education into
the model resulted in a collapse of the goodness-of-fit indices, indicating a bad fit of the model to the data.
Moreover, the predictive paths from morphology and task-orientation and persistence on counting skill were no
longer significant. After removing these nonsignificant predictors from the model, goodness-of-fit indices re-
mained unsatisfactory, and the father’s education alone explained 10.4% of the variance in counting skill,
whereas the effect of the mother’s education was nonsignificant. Because child’s gender was associated with
counting skill, a final model was constructed by adding child’s gender to the predictors already included in Mod-
el 2 (see Figure 3).
Altogether, 21.6% of the variance in counting skill could be explained by morphology, child’s persistence, and
gender. All three measures explained close to a similar portion of the outcome measure: 8.41%, 5.76%, and
7.29%, morphology, child’s persistence, and gender, respectively. What also was remarkable was that the sig-
nificance of the predictive association from child’s persistence to counting skill sank below .05, i.e. to .029.
Because of the small amount of explained variance in counting observed in the population-based sample addi-
tional regression analyses were conducted in a sample including children with dyslexia (N = 38) in order to see
whether the predictive power of language and memory would be stronger in a sample with compromised cogni-
tive skills. Children with dyslexia are known to have deficient language related cognitive skills (see Snowling &
Melby-Lervåg, 2016, for review and meta-analysis; Vellutino, Fletcher, Snowling, & Scanlon, 2004, for review;
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Casalis, Colé, & Sopo, 2004). Results from the regression analyses, where child’s persistence and gender
were entered in the first step and one of the cognitive predictors (vocabulary, morphology, phonology, and ver-
bal short term memory) at a time in the second step, showed that the total explained variance of counting var-
ied from 34% to 46% verbal short-term memory being the strongest cognitive predictor (standardized β = .36).
Figure 3. The final model, including language-related predictors, child’s persistence, and gender. All significant paths
included.
Discussion
In the present study, we examined to what extent language skills (phonology, vocabulary, and morphology),
memory, and nonverbal reasoning skills at the age of 5 could explain counting skills 2 years later at the begin-
ning of first grade. The question was examined in a population-based sample with a SEM, where each of the
skills was represented by a latent factor constructed from three measures, allowing us to estimate the error var-
iances as well. Despite using this sophisticated method, we were only able to explain 22% of the variance in
counting at the beginning of first grade. Cognitive skills were found to be closely associated with each other,
and vocabulary, morphology, and verbal short-term memory were found to be interchangeable predictors of
counting skill. Child’s task-orientation and persistence explained an additional 5% and gender 7% when inclu-
ded in the model. Finally, the father’s educational level alone explained 10% of counting skills, but the fit of the
model without cognitive predictors was unsatisfactory. Additional analysis among children with dyslexia re-
vealed that memory and language skills, together with child’s persistence and gender, had stronger predictive
value on counting skill explaining 34-46% of counting skill.
The low percentage of the variance in rote counting skill explained by the cognitive skills was surprising, and it
challenges the previous literature as well as our hypothesis considering rote counting as a strongly language-
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based skill that requires verbal short-term memory resources to develop normally (e.g., Fazio, 1994, 1996).
Morphology and vocabulary both explained about 9–10% of the variance in counting when included as the only
predictor in a model. Although the predictive power was lower than expected, the finding is in line with previous
findings of vocabulary and morphology as an underlying cognitive factor in counting (Bloom & Wynn, 1997;
LeFevre et al., 2010; Liu et al., 2016). Bloom and Wynn proposed that children’s early knowledge of number
word meaning comes through attention to both syntactic and semantic linguistic cues, such as the word order in
a sentence, the closed-class morphemes they co-occur with, and the count–mass status of the nouns they
modify. LeFevre et al. (2010) argued that the breadth of receptive vocabulary might reflect children’s abilities to
acquire vocabulary in the number system, and in line with that, Negen and Sarnecka (2012) showed that a
strong correlation was found between number–word knowledge and vocabulary: both receptive and expressive
vocabulary were related to number–word knowledge in children between 30 and 60 months old. However, in
Negen and Sarnecka’s (2012) study children were younger and it can be assumed that variance in early count-
ing skills could be more related individual differences in acquiring vocabulary. Moreover, in study by Negen and
Sarnecka number–word knowledge was assessed by using a ‘give a number’ task that measured more of mas-
tering the semantic meaning of number words than rote counting skill, that is, mastering the sequences of num-
ber words.
The relation between morphology and counting skills could be explained by a similar kind of learning process.
Learning the morphological structure of language happens quite early in children’s development and without
explicit instruction, as is the case in the early developmental phase of counting. Moreover, mastering morpholo-
gy in a highly inflectional language such as Finnish, where one must correctly inflect verbs, substantives, or
adjectives, relies on processing sequential information and rule learning. It requires detecting the root of the
word and its morphological endings (Lyytinen & Lyytinen, 2004). However, although morphology predicted later
counting skill, the relation between morphology and counting in Finnish was much weaker than what had been
recently found in Chinese (Liu et al., 2016). The differences in morphology because of the differences in lan-
guages might have influenced the findings. Finnish is a highly inflectional language, and the morphology meas-
ure used in the present study tapped the inflections of nouns, verbs, and adjectives; however, compounding
morphology is dominant in Chinese, and a study by Liu et al. (2016) had a morphology test that assessed the
ability to produce new compound words by combining acquired morphemes. It can be proposed that learning
sequences of number words in both languages (Finnish and Chinese) relies more on compounding than inflect-
ing words. Thus, the role of compounding morphology as a predictor of later counting skill in Finnish, as well as
in other alphabetic languages, should be studied in the future.
Verbal short-term memory was also associated with counting, which had been found in previous studies (e.g.,
Cowan et al., 2005; Koponen et al., 2016). Rote counting is a serial process requiring holding information in
one’s memory while articulating items and retrieving for the next; thus, a significant relation between verbal
memory and counting skills was not surprising. According to Fazio (1994), counting requires auditory memory
of the number terms, as well as auditory sequential memory of the correct order of number words. The auditory,
sequential nature of counting is expected to be an obstacle for children with language impairment and who are
showing clear difficulties in acquiring counting skills (Cowan et al., 2005; Fazio, 1994, 1996). However, the
found relation was not very strong in the present study. This finding suggest that, among population-based
sample, where the minority of children is expected to have severe deficits in verbal short-term memory, individ-
ual differences in counting skills at the beginning of first grade are mainly related to other factors than an ability
to hold verbal information in correct order for a short time.
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More surprisingly, phonological awareness at the age of 5 did not predict later counting skills. In previous stud-
ies, the role of phonological processing in the development of early number skills, especially in counting, has
been strongly assumed. According to previous studies, number words are phonologically coded in memory
(e.g., Simmons & Singleton, 2008; Stanescu-Cosson et al., 2000), and the weakness of phonological represen-
tations for number words in long-term memory likely makes it more difficult to retrieve them quickly and accu-
rately (Simmons & Singleton, 2008). Lower correlations compared to previous studies (e.g., Koponen et al.,
2007) might be because in previous studies, a strong correlation was found when counting, and phonological
awareness was assessed concurrently; however, in the present study, phonological awareness was assessed
at age 5 and counting skills at age 7. Krajewski and Schneider (2009) suggested that shifting from the string
level to the unbreakable list level in counting requires phonological awareness to be able to separate number
words from each other. It might be that the ability to recognize and process sounds and syllables in spoken
words is more related to earlier phases of counting skill development. This hypothesis might also explain the
generally low predictive power of measured language skills on counting. Language might play a stronger role in
the early phases of development in counting skill, and when language skills are intact, they enable one to learn
number words and their sequential order and move on to next developmental phase. This is not the case in
children with language impairment who struggle with number sequence skills; language skills continue to be
stronger predictors of counting skill after the early years (e.g., Cowan et al., 2005).
The second aim of the study was to examine whether the child’s task-orientation and persistence or parents’
educational level would explain the level of rote counting skill at the beginning of first grade. Children’s task-
orientation and persistence was significant, explaining 5% of the variance in counting. This finding was in line
with our hypothesis and similar to those found in previous studies (Aunola et al., 2003; Hirvonen et al., 2012). In
the study by Hirvonen et al. (2012), a high initial level of task-avoidant behaviour predicted less and slower im-
provement in math performance. Father’s educational level had the strongest correlation with counting among
all the variables and explained 10% of the variance in counting. This finding is in line with previous studies,
where parents’ educational levels were found to be related to counting and later arithmetic skill (Koponen et al.,
2007). It has been suggested that parents learn something during schooling that influences the ways in which
parents interact with their children in learning activities at home; or it is possible that parents’ skills, values, and
knowledge of the educational system also influence methods for educational practices at home and children’s
skills (for review see Eccles, 2005). Unfortunately, home numeracy activities were not assessed in the present
study. Also, gender was significantly associated with counting skill, boys being a bit better than girls. In general,
recent meta-analyses has not found gender differences in math (Hyde, 2016). However, at the subskill level,
small or moderate effects of gender can be found.
Some limitations of the present study are worth mentioning. When generalising these findings across countries,
the morphological structure of the language and specific features in the number word system should be consid-
ered. It should also be noticed that, because of a lack of standardised measures in Finland, we had only one
measure of language comprehension, and it was not possible to create a latent factor, as was the case in other
cognitive predictors. For this reason, language comprehension was not included in the models. However, its
correlation with counting was not significant. Language should be measured using a wider battery of subskills in
future.
Third, home numeracy was not included, and there is a need to examine this variable in future research. For
example, the relation between parents’ number talk about large sets of present objects and children’s cardinal-
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number knowledge has found to be significant, even after controlling for factors such as parents’ socioeconom-
ic status and other measures of parents’ number and non-number talk (Gunderson & Levine, 2011). Moreover,
children’s innate magnitude representation systems, that is, exact (small numbers) and approximate number
systems, were not assessed; although, they are suggested to be fundamental, especially for number concept
development, but can be relevant also for more general development of counting skills.
Rote counting skill has been suggested to be a language-based skill requiring verbal short-term memory, but
this hypothesis has rarely been examined explicitly. Thus, empirical evidence is missing. The present study in-
dicated that verbal short-term memory, together with vocabulary, phonological awareness, and morphology,
measured at the age of 5 explains very little of the variance in rote counting skill at the beginning of the first
grade. A rethinking of the nature of rote counting skill and empirical research are important in the future be-
cause rote counting has been shown to have a strong predictive power on later reading and arithmetic fluency
and is an important early predictor of academic achievement.
It should be also considered that the relation between language skills and rote counting might differ depending
on the sample. Our additional analysis showed that language and memory, together with child’s persistence
and gender, explained twice the amount of the variance in counting among dyslexic children when compared to
children without cognitive deficiencies. It seems that in a normal population, the associations are not as strong
as among children with language impairment or dyslexia indicating that other factors are more important among
5- to 7-year old children with typical language development. However, it could be possible to find stronger rela-
tion of language and memory skills with counting skills among younger typically developing children. It could be
assumed that requirements for verbal memory capacity would be stronger at the early developmental phase
when children are practicing and learning rather arbitrary sequences of number words (Finnish number words
below 20) in contrast to later developmental phase when children practice number words that in Finnish lan-
guage start to be transparent with ten-base system (number words larger than 20). However, longitudinal stud-
ies following the early number skill development and their cognitive correlates is needed in order to exam this
proposal. Moreover, cross-linguistic studies are needed as well because languages vary in how they grammati-
cally mark number (e.g., in nouns, verbs, and so forth), and this has found to influence the development of early
number word development (Almoammer et al., 2013) and, thus, number concept development.
Funding
This study was funded by Academy of Finland (264264, 292466).
Competing Interests
The authors have declared that no competing interests exist.
Acknowledgments
The authors have no support to report.
Predictors of Counting 424
Journal of Numerical Cognition
2018, Vol. 4(2), 410–428
doi:10.5964/jnc.v4i2.116
References
Almoammer, A., Sullivan, J., Donlan, C., Marušič, F., Žaucer, R., O’Donnell, T., & Barner, D. (2013). Grammatical
morphology as a source of early number word meanings. Proceedings of the National Academy of Sciences of the
United States of America, 110, 18448-18453. doi:10.1073/pnas.1313652110
Arvedson, P. J. (2002). Young children with specific language impairment and their numerical cognition. Journal of Speech,
Language, and Hearing Research: JSLHR, 45, 970-982. doi:10.1044/1092-4388(2002/079)
Aunola, K., Nurmi, J.-E., Lerkkanen, M.-K., & Rasku-Puttonen, H. (2003). The role of achievement-related behaviors and
parental beliefs in children’s mathematical performance. Educational Psychology, 23, 403-421.
doi:10.1080/01443410303212
Bloom, P., & Wynn, K. (1997). Linguistic cues in the acquisition of number words. Journal of Child Language, 24, 511-533.
doi:10.1017/S0305000997003188
Casalis, S., Colé, P., & Sopo, D. (2004). Morphological awareness in developmental dyslexia. Annals of Dyslexia, 54(1),
114-138. doi:10.1007/s11881-004-0006-z
Cowan, R., Donlan, C., Newton, E. J., & Llyod, D. (2005). Number skills and knowledge in children with specific language
impairment. Journal of Educational Psychology, 97, 732-744. doi:10.1037/0022-0663.97.4.732
Donlan, C., Cowan, R., Newton, E. J., & Lloyd, D. (2007). The role of language in mathematical development: Evidence
from children with specific language impairments. Cognition, 103, 23-33. doi:10.1016/j.cognition.2006.02.007
Dunn, L. M., & Dunn, L. M. (1981). Peabody Picture Vocabulary Test-Revised. Circle Pines, MN, USA: American Guidance
Service.
Durand, M., Hulme, C., Larkin, R., & Snowling, M. (2005). The cognitive foundations of reading and arithmetic skills in 7- to
10-year-olds. Journal of Experimental Child Psychology, 91(2), 113-136. doi:10.1016/j.jecp.2005.01.003
Eccles, J. S. (2005). Influences of parents’ education on their children’s educational attainments: The role of parent and
child perceptions. London Review of Education, 3, 191-204. doi:10.1080/14748460500372309
Fazio, B. B. (1994). The counting abilities of children with specific language impairment: A comparison of oral and gestural
tasks. Journal of Speech and Hearing Research, 37, 358-368. doi:10.1044/jshr.3702.358
Fazio, B. B. (1996). Mathematical abilities of children with specific language impairment: A two-year follow-up. Journal of
Speech and Hearing Research, 39, 839-849. doi:10.1044/jshr.3904.839
Fuson, K. C. (1988). Children's counting and concepts of number. New York, NY, USA: Springer.
Gathercole, S. E., & Adams, A. (1994). Children’s phonological working memory: Contributions of long-term knowledge and
rehearsal. Journal of Memory and Language, 33, 672-688. doi:10.1006/jmla.1994.1032
Gunderson, E. A., & Levine, S. C. (2011). Some types of parent number talk count more than others: Relations between
parents’ input and children’s cardinal-number knowledge. Developmental Science, 14, 1021-1032.
doi:10.1111/j.1467-7687.2011.01050.x
Koponen, Eklund, & Salmi 425
Journal of Numerical Cognition
2018, Vol. 4(2), 410–428
doi:10.5964/jnc.v4i2.116
Hirsimäki, M., Creutz, M., Siivola, V., Kurimo, M., Virpioja, S., & Pylkkönen, J. (2006). Unlimited vocabulary speech
recognition with morph language models applied to Finnish. Computer Speech & Language, 20, 515-541.
doi:10.1016/j.csl.2005.07.002
Hirvonen, R., Tolvanen, A., Aunola, K., & Nurmi, J.-E. (2012). The developmental dynamics of task-avoidant behavior and
math performance in kindergarten and elementary school. Learning and Individual Differences, 22, 715-723.
doi:10.1016/j.lindif.2012.05.014
Hyde, J. S. (2016). Sex and cognition: Gender and cognitive functions. Current Opinion in Neurobiology, 38, 53-56.
doi:10.1016/j.conb.2016.02.007
Kaplan, E., Goodglass, H., & Weintraub, S. (1983). The Boston Naming Test (2nd ed.). Philadelphia, PA, USA: Lea &
Febiger.
Katusic, S. K., Colligan, R. C., Barbaresi, W. J., Schaid, D. J., & Jacobsen, S. J. (2001). Incidence of reading disability in a
population-based birth cohort, 1976-1982, Rochester, Minn. Mayo Clinic Proceedings, 76, 1081-1092.
doi:10.4065/76.11.1081
Koponen, T., Aunola, K., Ahonen, T., & Nurmi, J.-E. (2007). Cognitive predictors of single-digit and procedural calculation
and their covariation with reading skill. Journal of Experimental Child Psychology, 97, 220-241.
doi:10.1016/j.jecp.2007.03.001
Koponen, T., Mononen, R., Räsänen, P., & Ahonen, T. (2006). Basic numeracy in children with specific language
impairment: Heterogeneity and connections to language. Journal of Speech, Language, and Hearing Research: JSLHR,
49, 58-73. doi:10.1044/1092-4388(2006/005)
Koponen, T., Salmi, P., Eklund, K., & Aro, T. (2013). Counting and RAN skill: Predictors of arithmetic calculation and reading
fluency. Journal of Educational Psychology, 105, 162-175. doi:10.1037/a0029285
Koponen, T., Salmi, P., Torppa, M., Eklund, K., Aro, T., Aro, M., . . . Nurmi, J.-E. (2016). Counting and rapid naming predict
the fluency of arithmetic and reading skills. Contemporary Educational Psychology, 44–45, 83-94.
doi:10.1016/j.cedpsych.2016.02.004
Korkman, M., Kirk, U., & Kemp, S. (1998). NEPSY: A developmental neuropsychological assessment. San Antonio, TX,
USA: The Psychological Corporation. doi:https://doi.org/10.1080/09297040903146966
Krajewski, K., & Schneider, W. (2009). Exploring the impact of phonological awareness, visual-spatial working memory, and
preschool quantity-number competencies on mathematics achievement in elementary school: Findings from a 3-year
longitudinal study. Journal of Experimental Child Psychology, 103, 516-531. doi:10.1016/j.jecp.2009.03.009
Landerl, K., & Moll, K. (2010). Comorbidity of learning disorders: Prevalence and familial transmission. Journal of Child
Psychology and Psychiatry, and Allied Disciplines, 51, 287-294. doi:10.1111/j.1469-7610.2009.02164.x
LeFevre, J.-A., Fast, L., Skwarchuk, S.-L., Smith-Chant, B. L., Bisanz, J., Kamawar, D., & Penner-Wilger, M. (2010).
Pathways to mathematics: Longitudinal predictors of performance. Child Development, 81, 1753-1767.
doi:10.1111/j.1467-8624.2010.01508.x
Predictors of Counting 426
Journal of Numerical Cognition
2018, Vol. 4(2), 410–428
doi:10.5964/jnc.v4i2.116
Leinonen, S., Müller, K., Leppänen, P. H. T., Aro, M., Ahonen, T., & Lyytinen, H. (2001). Heterogeneity in adult dyslexic
readers: Relating processing skills to the speed and accuracy of oral text reading. Reading and Writing, 14, 265-296.
doi:10.1023/A:1011117620895
Leppänen, U. (2006). Development of literacy in kindergarten and primary school (Doctoral dissertation, Jyväskylä
University, Jyväskylä, Finland; Jyväskylä Studies in Education, Psychology and Social Research, 289). Retrieved from
https://jyx.jyu.fi/handle/123456789/41987
Liu, Y., Lin, D., & Zhang, X. (2016). Morphological awareness longitudinally predicts counting ability in Chinese
kindergarteners. Learning and Individual Differences, 47, 215-221. doi:10.1016/j.lindif.2016.01.007
Lyytinen, H., Erskine, J., Ahonen, T., Aro, M., Eklund, K., & Guttorm, T. … Viholainen, H. (2008). Early identification and
prevention of dyslexia: Results from a prospective follow-up study of children at familial risk for dyslexia. In G. Reid, F.
Manis, & L. Siegel (Eds.), The Sage handbook of dyslexia (pp. 121–146). Thousand Oaks, CA, USA: Sage.
Lyytinen, P., & Lyytinen, H. (2004). Growth and predictive relations of vocabulary and inflectional morphology in children
with and without familial risk for dyslexia. Applied Psycholinguistics, 25, 397-411. doi:10.1017/S0142716404001183
Muthén, L. K., & Muthén, B. O. (1998–2011). Mplus Users' Guide (6th ed.). Los Angeles, CA, USA: Muthén & Muthén.
Negen, J., & Sarnecka, B. W. (2012). Number-concept acquisition and general vocabulary development. Child
Development, 83, 2019-2027. doi:10.1111/j.1467-8624.2012.01815.x
Nieminen, L. (2007). A complex case: A morphosyntactic approach to complexity in early child language (Doctoral
dissertation, University of Jyväskylä, Jyväskylä, Finland). Retrieved from http://urn.fi/URN:ISBN:978-951-39-2858-2
Onatsu-Arvilommi, T., & Nurmi, J.-E. (2000). The role of task-avoidant and task-focused behaviors in the development of
reading and mathematical skills during the first school year: A cross-lagged longitudinal study. Journal of Educational
Psychology, 92, 478-491. doi:10.1037/0022-0663.92.3.478
Pennala, R., Eklund, K., Hämäläinen, J., Martin, M., Richardson, U., Leppänen, P. H. T., & Lyytinen, H. (2013). Precursors
and consequences of phonemic length discrimination problems in children with reading disability and with familial risk for
dyslexia. Journal of Speech, Language, and Hearing Research, 56, 1462-1475. doi:10.1044/1092-4388(2013/12-0072)
Pennington, B. F. (2006). From single to multiple deficit models of developmental disorders. Cognition, 101, 385-413.
doi:10.1016/j.cognition.2006.04.008
Poskiparta, E., Niemi, P., & Lepola, J. (1994). Diagnostiset testit 1. Lukeminen ja kirjoittaminen [The diagnostic tests 1:
Reading and spelling]. Turku, Finland: University of Turku, Faculty of Education.
Puolakanaho, A., Poikkeus, A.-M., Ahonen, T., Tolvanen, A., & Lyytinen, H. (2003). Assessment of three and a-half-year-old
children’s emerging phonological awareness in a computer animation context. Journal of Learning Disabilities, 36,
416-423. doi:10.1177/00222194030360050301
Schneider, M., Beeres, K., Coban, L., Merz, S., Schmidt, S. S., Stricker, J., & De Smedt, B. (2016). Associations of non-
symbolic and symbolic numerical magnitude processing with mathematical competence: A meta-analysis.
Developmental Science, 20, Article e12372. doi:10.1111/desc.12372
Koponen, Eklund, & Salmi 427
Journal of Numerical Cognition
2018, Vol. 4(2), 410–428
doi:10.5964/jnc.v4i2.116
Shaywitz, S. E., Shaywitz, B. A., Fletcher, J. M., & Escobar, M. D. (1990). Prevalence of reading disability in boys and girls:
Results of the Connecticut Longitudinal Study. Journal of the American Medical Association, 264(8), 998-1002.
doi:10.1001/jama.1990.03450080084036
Simmons, F. R., & Singleton, C. (2008). Do weak phonological representations impact on arithmetic development? A review
of research into arithmetic and dyslexia. Dyslexia, 14, 77-94. doi:10.1002/dys.341
Skwarchuk, S.-L., & Anglin, J. M. (2002). Children’s acquisition of the English cardinal number words: A special case of
vocabulary development. Journal of Educational Psychology, 94, 107-125. doi:10.1037/0022-0663.94.1.107
Snowling, M. J., & Melby-Lervåg, M. (2016). Oral language deficits in familial dyslexia: A meta-analysis and review.
Psychological Bulletin, 142(5), 498-545. doi:10.1037/bul0000037
Stanescu-Cosson, R., Pinel, P., van de Moortele, P.-F., Le Bihan, D., Cohen, L., & Dehaene, S. (2000). Cerebral bases of
calculation processes: Impact of number size on the cerebral circuits for exact and approximate calculation. Brain, 123,
2240-2255. doi:10.1093/brain/123.11.2240
Vellutino, F. R., Fletcher, J. M., Snowling, M. J., & Scanlon, D. M. (2004). Specific reading disability (dyslexia): What have
we learned in the past four decades? Journal of Child Psychology and Psychiatry, 45(1), 2-40.
doi:10.1046/j.0021-9630.2003.00305.x
Wechsler, D. (1989). Wechsler Preschool and Primary Scale of Intelligence-Revised. San Antonio, TX, USA: The
Psychological Corporation.
Woodcock, R. W., & Johnson, M. B. (1977). Woodcock–Johnson Psycho-Educational Battery. Itasca, IL, USA: Riverside.
Wynn, K. (1992). Children’s acquisition of the number words and the counting system. Cognitive Psychology, 24, 220-251.
doi:10.1016/0010-0285(92)90008-P
Zhang, X., Koponen, T., Räsänen, P., Aunola, K., Lerkkanen, M., & Nurmi, J. (2014). Linguistic and spatial skills predict
early arithmetic development via counting sequence knowledge. Child Development, 85, 1091-1107.
doi:10.1111/cdev.12173
Predictors of Counting 428
Journal of Numerical Cognition
2018, Vol. 4(2), 410–428
doi:10.5964/jnc.v4i2.116
PsychOpen GOLD is a publishing service by
Leibniz Institute for Psychology Information (ZPID),
Trier, Germany. www.leibniz-psychology.org
